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(54) A CDMA mobile communication system and a transmission power control method for the 
same 



(57) When reception quality of signals detected by a 
reception Eb/lo (ratio of power received waves to power 
of interfering waves) detector is equal to or more than a 
predetermined value and a frame error rate (FER) set 
by an FER measuring section for a first reference level 
or more is less than a predetermined reference value, a 
target Eb/lo setting section sets a value to increase the 



target reception quality. When the reception quality of 
signals thus detected is less than the predetermined 
value and the frame error rate set by the FER measur- 
ing section is equal to or more than the predetermined 
reference value, the target Eb/lo setting section sets a 
value to decrease the target reception quality. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

[0001 J The present invention relates to a code division 
multiple access (CDMA) mobile communication system 
and a transmission power control method for the same. 

2. Description of the Prior Art: 

Background of interfe re j n CDMA mnhi| e communi- 
cation system 



is 



[0002] In a CDMA mobile communication system one 
frequency band is shared by use of spread signals 
including a plurality of codes mathematically orthogonal 
to each other. 

[0003] However, the codes adopted in the CDMA sys- so 
tern are not completely orthogonal to each other but 
have a slightly cross correlation, which causes deterio- 
ration in communication quality by interference. 
[0004] For example, when terminals A and B having 
the same transmission power communicate with a base zs 
station and terminal B is far away from the base station 
when compared with terminal A. there may occur a dis- 
advantage as follows. Signals of terminals A and B 
received by the base station include interference com- 
ponents. In this situation, an interference component so 
from the signal of terminal A becomes conspicuously 
greater than one from the signal from terminal B This 
may lead to a disadvantage that the base station cannot 
receive signals sent from terminal B in some cases 
[0005] To remove this difficulty, a method has been ss 
used in which signal levels of signals received are 
measured by the base station for each terminal to 
accordingly control the transmission power thereof 



out as follows. When mobile terminal 110 in service 
area 140a of a BTS 120a traveling toward service area 
1 40b of BTS 1 20b is in area 150 which overlaps service 
areas 140a and 140b, it acquires a radio channel for 
both BTS 120a and BTS 120b and carries a change- 
over between the two radio base stations. 

i°r^? ^ System is su P erior to «he conventional 
TDMA system in which instantaneous interruption of 
communication is possible due to movement of the 
mob.le station when the BTS is changed. Namely, in the 
system using the DHO scheme, since the mobile termi- 
nal acquires a channel for each of the two BTS in the 
overlapping region, instantaneous interruption of com- 
munication cannot take place during change of base 
stations. 

[0010] During the DHO state, mobile terminal 110 
sends signals to BTS 120a and BTS 1 20b. The received 
signals are combined into one signal by a mixer not 
shown, disposed in BSC 130. This operation has been 
described in the "Transactions of 1997 IEICE Nat Conv 
Commun. 1. B-5-196". 

Background of hasir f ffr rn pf niA( , r | n0D Ma R ^ 



Background of diwrsjty handover f riMQ) w 

[0006] The "Transactions of 1997 IEICE Nat Conv 
Commun. 1, B-5-196" describes a network for a mobile 
communication system. The system includes a plurality 
of radio base stations (referred to as BTS hereinbelow) 45 
connected via radio circuits or channels to mobile termi- 
nals for achieving communication therewith, base sta- 
tion controllers (referred to as BSC hereinbelow) for 
conducting switching or changeover operations 
between the base stations, and mobile services switch- so 
ing center (referred to as MSC hereinbelow) for con- 
ducting exchange operations of base station controllers. 
[0007] Fig. i shows an example of constitution of a 
conventional CDMA mobile communication system. 
[0008] In this system, each radio communication ss 
channel uses one frequency band divided into codes 
mathematically orthogonal to each other. Diversity 
handover (referred to as DHO hereinbelow) is carried 



[0011] The Transactions of 1997 IEICE Nat Conv 
Commun. 1, B-5-81" describes an example of a trans- 
mission power control method in a conventional CDMA 
mobile communication system. In the literature, a high- 
speed closed loop control method is associated with a 
downward or forward channel. However, a similar con- 
frol method is applied to an upward or reverse channel 
[001 2] Description will now be given of a high-speed 
closed loop control method on an upward channel 
[0013] In a BTS receiving a radio wave signal from a 
mobile terminal, the ratio of power of the radio wave to 
power of an interference wave (referred to as Eb/lo) is 
measured for comparison with an Eb/lo target value In 
accordance with a result of comparison, a TPC bit pat- 
tern is determined to control transmission power at the 
pertinent mobile terminal. For example, if the measured 
ratio is less than the target ratio, the BTS sends a 
request including the TPC bit pattern to the mobile ter- 
minal to increase transmission power thereof If the 
measured ratio exceeds the target ratio, the BTS trans- 
mits a request including the TPC bit pattern to the 
mobile terminal to decrease transmission power 
thereof. 

[0014] in high-speed closed loop control, the target 
ratio of Eb/lo is set to the minimum value required to 
keep predetermined speech quality. However, due to 
fluctuation in propagation characteristics and other 
couses. the desired speech quality cannot be obtained 
in some cases even if ratio Eb/lo measured by BTS for 
signals received is equal to or more than the target ratio. 
On the other hand, the desired speech quality may be 
possibly obtained in some cases even if the ratio Eb/lo 
measured by BTS is less than the target ratio 
[0015] Consequently, the BTS periodically adjusts the 
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target ratio of Eb/lo in accordance with the speech qual- 
ity after the mixer conducts the operation of diversity. 
For example, the speech quality is adjusted as follows. 
If the speech quality is deterioratiod when compared 
with the predetermined speech quality, the target value 
of Eb/lo is increased; whereas, if the speech quality is 
less than the desired speech quality, target ratio Eb/lo is 
decreased. 

[0016] The control operation to modify target ratio 
Eb/lo is carried out to guarantee quality of signals finally 
received. Consequently, in the DHO phase, the modifi- 
cation is accomplished on the basis of quality of signals 
produced from the mixer of the BSC. This control oper- 
ation requires communication of signals between the 
BSC and the BTS to control the target value of Eb/lo. 
Namely, bandwidths are additionally used for this pur- 
pose in the signal lines between the BSC and the BTS. 
[0017] Next, description will be given of the operation 
to control target ratio Eb/lo in the CDMA mobile commu- 
nication system. 

[0018] Fig. 2 shows configurations of the BTS 120a 
and 120b and the BSC 130 of the CDMA mobile com- 
munication system shown in Fig. 1. 
[001 9] In this description, it is assumed that in a state 
(i.e., DHO state) in which one mobile terminal 110 is 
communicating with a plurality of BTS 120a and 120b. 
target Eb/lo in BTS 120a is equal to target Eb/lo in BTS 
120b. 

[0020] First, an instantaneous value of ratio Eb/lo of 
signals received from terminal 1 10 is measured in each 
of BTS 120a and 120b, and measured results are each 
compared with target Eb/lo. 

[0021] Subsequently, in accordance with results of 
comparison between measured instantaneous value of 
Eb/lo and target Eb/lo, a control signal is produced to 
increase or to decrease the transmission power of 
mobile terminal 1 10. The signal is then sent to mobile 
terminal 110. 

[0022] In BTS 120a and 120b, signals received from 
mobile terminal 110 are demodulated and interpreted 
by transceiver sections 121a and 121b, respectively to 
reproduce user data for transmission to BSC 130. 
[0023] Data from BTS 121a and BTS 121b received 
by BSC 130 are combined by a mixer 131 . 
[0024] User data produced by mixer 1 3 1 is transferred 
via an ATM switch 134 to an external device in another 
network, not shown, on one hand and is fed on the other 
hand to a quality monitor section 132. Quality of user 
data from mixer 131 is monitored for a predetermined 
period of time by the monitor section 132. 
[0025] If the user data from mixer 131 is beyond a pre- 
determined range of quality, this is notified to a control 
signal generator section 133. In the section 133, the tar- 
get Eb/lo of each of BTS 120a and 120b is determined 
to be insufficient, and a control signal to increase target 
Eb/lo is sent together with user data in a multiplexed 
form to BTS 120a and 120b. 

[0026] The control signal to increase target Eb/lo is 



received by BTS 120a and 120b and fed to demultiplex- 
ers 124a and 124b arranged in BTS 120a and 120b 
respectively. In demultiplexers 124a and 124b, the sig- 
nals are demultiplexed to obtain user data and control 

5 signals. The control signals are then fed to target Eb/lo 
control sections 123a and 123b. 
[0027] Next, in accordance with the control signals 
from BSC 130, controllers 123a and 123b determine 
new target values of Eb/lo, and the target values of 

10 Eb/lo are modified in transceiver sections 121a and 
121b. 

[0028] However, in the conventional CDMA mobile 
communication system, speech quality of signals trans- 
mitted from each mobile station is monitored by a base 

is station controller (BSC). According to results of the 
monitoring, target Eb/lo is set in the base terminal sta- 
tion (BTS) for the signals sent from the mobile terminal. 
Consequently, the greater the distance between the 
mobile terminal and the radio base station, the more the 

20 transmission power is increased in the control opera- 
tion. This causes the problem that signals sent from the 
mobile terminal interfere with other mobile terminals 
and an additional transmission capacity is required 
between BTS and BST for the modif ication of the target 

25 Eb/lo. 

SUMMARY OF THE INVENTION 

[0029] It is therefore an object of the present invention, 

30 which has been devised in consideration of the prob- 
lems of the conventional technology, to provide a CDMA 
mobile communication system and a transmission 
power control method for the same capable of prevent- 
ing an undesired increase of the transmission power in 

35 a mobile terminal. 

[0030] To achieve the object above, there is provided 
in accordance with the present invention a CDMA 
mobile communication system including at least a plu- 
rality of radio base stations connected via radio chan- 

40 nels to mobile terminals for communicating with the 
mobile terminals and a base station controller for con- 
ducting a changeover of communication between the 
mobile terminals and the radio base stations, each of 
the radio base stations having a function to control the 

45 transmission power of the mobile terminals. The radio 
base station comprises detecting means for detecting 
reception quality of signals received from the mobile ter- 
minal, first comparator means for comparing the recep- 
tion quality detected by the detecting means with a 

so predetermined value, measuring means for measuring 
the frame error rate of signals received from the mobile 
terminal, for a first predetermined reference level equal 
to or more than the reception quality of the signals 
received, when the reception quality detected in accord- 

55 ance with a result of comparison by the first comparator 
means is equal to or more than the predetermined 
value, second comparator means for comparing the 
frame error rate measured by the measuring means 
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with a predetermined reference value, setting means for 
setting target reception quality in accordance with a 
result of comparison by the second comparator means 
third comparator means for comparing the reception 
quality detected by the detecting means with the target « 
reception quality set by the setting means, and control 
signal generator means for generating and outputting a 
control signal to control the transmission power of the 
mobile terminal in accordance with the comparison by 
the third comparator means. 

[0031] The measuring means measures the frame 
error rate of signals received from the mobile terminal 
with respect to a second predetermined reference level 
equal to or less than the reception quality of the signals 
receded, when the reception quality detected in accord- is 
ance with a result of comparison by the first comparator 
means is less than the predetermined value. The sec- 
ond reference level is less than the first reference level. 
[0032] The setting means conducts a control opera- 
tion to increase the target reception quality when the so 
reception quality detected in accordance with a result of 
comparison by the first comparator means is equal to or 
more than the predetermined value and the frame error 
rate measured by the measuring means in accordance 
with a result of comparison by the second comparator is ss 
less than the reference value. 

[0033] The setting means conducts a control opera- 
tion to decrease the target reception quality when the 
reception quality detected in accordance with a result of 

comparison by the first comparator means is less than so 
the predetermined value and the frame error rate meas- 
ured by the measuring means in accordance with a 
resutt of comparison by the second comparator is equal 
to ore more than the reference value 
[0034] The CDMA mobile communication system fur- 35 
ther compnses storage means for storing the target 
reception quality set by the setting means. 
[0035] The third comparator means compares the 
reception quality detected by the detecting means with 

rS^T 38 ! reCepti ° n qua,ity stored in the storase means, ao 
[003S] In accordance with the present invention there 
is prowled a CDMA mobile communication system 
including at least a plurality of radio base stations con- 
nected via radio channels to mobile terminals for com- 
municating with the mobile terminals and a base station as 
controller for conducting a changeover of communica- 
tion between the mobile terminals and the radio base 
stations, each of the radio base stations having a func- 
tion to control transmission power of the mobile termi- 
nals The radio base station comprises detecting means so 
for detecting a ratio of the power of signals received 
from the mobile terminal to the power of an interfering 
wave, first comparator means for comparing the ratio 
detected by the detecting means with a predetermined 
value measuring means for measuring a frame error 55 
rate of signals received from the mobile terminal with 
respect to a first predetermined reference level equal to 
or more than the ratio of the power of signals received 



from the mobile terminal to the power of interfering 
wave, when the ratio detected in accordance with a 
result of comparison by the first comparator means is 
equal to or more than the predetermined value; second 
comparator means for comparing the frame error rate 
measured by the measuring means with a predeter- 
mined reference value, setting means for setting a tar- 
get ratio of the power of signals received from the 
mobile terminal to the power of interfering wave in 
accordance with a result of comparison by the second 
comparator means, third comparator means for com- 
paring the ratio detected by the detecting means with 
the target ratio set by the setting means, and control sig- 
nal generator means for generating and outputting a 
control signal to control the transmission power of ttie 
mobile terminal in accordance with a resuft of comoari- 
son by the third comparator means. 
[00371 The measuring means measures a frame error 
rate of signals received from the mobile terminal with 
respect to a second predetermined reference level 
equal to or less than the ratio of the power of signals 
received, when the ratio detected in accordance with a 
result of comparison by the first comparator means is 
less than the predetermined value. The second refer- 
ence level is less than the first reference level. 
[0038] The setting means sets to increase the target 
ratio currently used of the power of signals received to 
the power of interfering wave, when the ratio detected in 
accordance with a result of comparison by the first com- 
parator means is equal to or more than the predeter- 
mined value and the frame error rate measured by the 
measuring means in accordance with a result of com- 
parison by the second comparator means is less than 
the reference value. 

[0039] The setting means sets to decrease the tarqet 
ratio currently used of the power of signals received to 
the power of interfering wave, when the ratio detected in 
accordance with a result of comparison by the first com- 
parator means is less than the predetermined value and 
the frame error rate measured by the measuring means 
in accordance with a result of comparison by the second 
comparator means is equal to or more than the refer- 
ence value. 

[0040] The control signal generator means generatios 
a control signal to conduct a control operation to 
increase the transmission power of the mobile terminal 
when the ratio detected in accordance with a result of 
comparison by the third comparator means is less than 
the target ratio set by the setting means and generatios 
a control signal to conduct a control operation to 
decrease the transmission power of the mobile terminal 
when the ratio detected in accordance with a result of 
companson by the third comparator means is more than 
the target ratio set by the setting means. 
[0041] The CDMA mobile communication system fur- 
ther comprises storage means for storing the target 
ratio set by the setting means. The third comparator 
means compares the ratio detected by the detecting 
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means with the target ratio stored in the storage means. 
[0042] The control signal outputted comprises a TPC 
bit pattern. 

[0043] In accordance with the present invention, there 
is provided a transmission power control method for use 
in a CDMA mobile communication system including at 
least a plurality of radio base stations connected via 
radio channels to mobile terminals for communicating 
with the mobile terminals and a base station controller 
for conducting a changeover of communication between 
the mobile terminals and the radio base stations, each 
of the radio base stations having a function to control 
transmission power of the mobile terminals, comprising 
the steps of detecting reception quality of signals 
received from the mobile terminal; comparing the 
reception quality detected with a predetermined value; 
measuring a frame error rate of signals received from 
the mobile terminal with respect to a first predetermined 
reference level equal to or more than the reception qual- 
ity of the signals received, when the reception quality 
detected in accordance with a result of the comparison 
is equal to or more than the predetermined value; com- 
paring the frame error rate measured with a predeter- 
mined reference value; setting target reception quality in 
accordance with a result of the comparison; comparing 
the reception quality detected with the target instanta- 
neous reception quality thus set; and generating and 
outputting a control signal to control the transmission 
power of the mobile terminal in accordance with a result 
of the comparison of reception quality. 
[0044] The transmission power control method further 
comprises the step of measuring a frame error rate of 
signals received from the mobile terminal with respect 
to a second predetermined reference level equal to or 
less than the reception quality of the signals received, 
when the reception quality detected is less than the pre- 
determined value, The second reference level is less 
than the first reference level. 

[0045] The transmission power control method further 
comprises the step of conducting a control operation to 
increase the target reception quality when the reception 
quality detected is equal to or more than the predeter- 
mined value and the frame error rate measured is less 
than the reference value. 

[0046] The transmission power control method further 
comprises the step of conducting a control operation to 
decrease the target reception quality when the recep- 
tion quality detected is less than the predetermined 
value and the frame error rate measured is equal to or 
more than the reference value. 

[0047] In accordance with the present invention, there 
is provided a transmission power control method for use 
in a CDMA mobile communication system including at 
least a plurality of radio base stations connected via 
radio channels to mobile terminals for communicating 
with the mobile terminals and a base station controller 
for conducting a changeover of communication between 
the mobile terminals and the radio base stations, each 



of the radio base stations having a function to control 
transmission power of the mobile terminals, comprising 
the steps of detecting a ratio of the power of signals 
received from the mobile terminal to the power of the 

5 interfering wave; comparing the ratio detected with a 
predetermined value; measuring a frame error rate of 
signals received from the mobile terminal with respect 
to at least one first predetermined reference level equal 
to or more than the ratio of the power of signals received 

10 from the mobile terminal to the power of interfering 
wave, when the ratio detected in accordance with a 
result of the comparison is equal to or more than the 
predetermined value; comparing the frame error rate 
measured with a predetermined reference value; setting 

is a target ratio of the power of signals received to the 
power of interfering wave in accordance with a result of 
the comparison; comparing the ratio detected with the 
target ratio thus set; and generating and outputting a 
control signal to control the transmission power of the 

20 mobile terminal in accordance with a result of the com- 
parison. 

[0048] The transmission power control method further 
comprises the step of measuring a frame error rate of 
signals received from the mobile terminal with respect 
25 to a second predetermined reference level equal to or 
less than the reception quality of the signals received, 
when the ratio detected is less than the predetermined 
value. The second reference level is less than the first 
reference level. 

30 [0049] The transmission power control method further 
comprising the step of setting to increase the target ratio 
currently used of the power of signals received to the 
power of the interfering wave, when the ratio detected is 
equal to or more than the predetermined value and the 

35 frame error rate measured is less than the reference 
value. 

[0050] The transmission power control method further 
comprising the step of setting to decrease the target 
ratio currently used of the power of signals received to 
40 the power of the interfering wave, when the ratio 
detected is less than the predetermined value and the 
frame error rate measured is equal to or more than the 
reference value. 

[0051 ] The transmission power control method further 
45 comprises the step of generating a control signal to con- 
duct a control operation to increase the transmission 
power of the mobile terminal when the ratio detected is 
less than the target ratio thus set and generating a con- 
trol signal to conduct a control operation to decrease the 
so transmission power of the mobile terminal when the 
ratio detected is more than the target ratio thus set. 
[0052] The transmission power control method further 
comprising the step of outputting a control signal com- 
prising a TPC bit pattern. 
55 [0053] In accordance with the present invention con- 
figured as above, when reception signal quality deter- 
mined by the detector in accordance with results of 
comparison by the first comparator unit is equal to or 
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more than a predetermined value, the measuring unit 
measures a frame error rate at a level equal to or more 
than the first reference level predetermined for received 
signal quality of signals transmitted from the mobile ter- 
minal. The second comparator unit compares the 
obtained frame error rate with a predetermined refer- 
ence value. If the frame error rate is less than the refer- 
ence value, the target received signal quality is set to a 
terger value. Therefore, in the mobile terminal in the 
state - *• disadvantage that the transmission 
power is excessively increased in the DHO state can be 
eliminated. This advantageously suppresses the 
chance that signals sent from a mobile terminal far away 
from a base terminal station will interfere with other 
mobile terminals. Moreover, the additionally required 
transmission capacity between the BTS and the BSC 
can be dispensed with. 

10054] Furthermore, when the received signal quality 
determined by the detector in accordance with results of 
comparison unit by the first comparator is less than the 
predetermined value, the measuring unit measures a 
frame error rate at a level less than the first reference 
level predetermined for received signal quality of signals 
transmitted from the mobile terminal. The second com- 
parator unit compares the obtained frame error rate with 
a predetermined reference value. If the frame error rate 
is equal to or more than the reference value, the target 
reception signal quality is set to a smaller value Conse- 
quently, the target reception signal quality is set to a 
necessary minimum level. As a result as in the case 
above, it is possible to prevent disadvantageous exces- 
sive increase in transmission power in a mobile terminal 
in the DHO state, eliminating the interference of signals 
sent from a mobile terminal far away from a base termi- 
nal station with other mobile terminals. 
[0055] The above and other objects, features and 
advantages of the present invention will become appar- 
ent from the following description with reference to the 
accompanying drawings which illustratio examples of 
the present invention. 



tion shown in Fig. 3; and 

Rg. 5 is a flowchart for explaining a transmission 
power control method of the CDMA mobile commu- 
nication system in Figs. 3 and 4. 

DESCRIPTION OF THE PREFERRED EMBODI- 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] In the accompanying drawings: 

Fig. 1 is a block diagram showing an example of 
constitution of a conventional CDMA mobile com- 
munication system; 

Fig. 2 is a block diagram showing configurations of 
a BTS and a BSC in the system shown in Fig. 1 ; 

Fig- 3 is a block diagram showing an embodiment of 
a CDMA mobile communication system in accord- 
ance with the present invention; 

Fig. 4 is a block diagram partly showing a base 
band signal processing section and a control sec- 



io [0057] Referring next to the accompanying drawings 
description will be given of an embodiment in accord-' 
ance with the present invention. 
[0058] Fig. 3 shows in a block diagram an embodi- 
ment of a CDMA mobile communication system in 
is accordance with the present invention. 

[0059] As can be seen from Rg. 3, the system 
includes a plurality of radio base terminal stations (BTS) 
20a and 20b connected via radio circuits or channels to 
a mobile terminal 1 0 to communicate with terminal 1 0 a 
20 base station controller (BSC) 30 to conduct a switching 
or changeover operation for communication with BTS 
20a or 20b. and a mobile station controller (MSC) 40 to 
control the switching operation of BTS 20a and 20b 

« oJ 2 °f 3nd 20b respective| y Wude antenna sections 
25 21a and 21b to conduct signal transmission and recep- 
tion, transmission and reception signal amplifier sec- 
tions 22a and 22b which respectively amplify reception 
signals received via antenna sections 21a and 21b and 
transmission signals to be transmitted via antenna sec- 
30 trans 21a and 21b and which demultiplex the reception 
and transmission signals, and radio sections 24a and 
24b which quasi-synchronously detect the reception 
signals amplified by amplifier sections 22a and 22b to 
obtain digital signals and which convert signals trans- 
35 mitted via antenna sections 21a and 21b into analog 
signals and then quadrature-modulate the analog signal 
into RF signals for transmission. The system further 
includes base band signal processing sections 25a and 
25b which each conduct base band signal processing 
40 such 38 demodulation, synchronization, decoding of 
error correction codes, and demultiplexing of data for 
reception signals converted into a digital form by radio 
secbons 24a and 25b and base band signal processing 
such as production of error correction codes, creation of 
45 frames, and modulation of data for transmission signals 
to be sent via the antenna sections 21a and 21b 
Processing sections 25a and 25b further detect instan- 
taneous quality Eb/lo of the reception and compare the 
detected Eb/lo with a target Eb/lo and produce a TPC 
so bit pattern to control transmission power from the 
mobile terminal 10 in accordance with a result of the 
comparison. Further included in the system are control 
sections 26a and 26b each of which monitors quality of 
received signals in accordance with levels of Eb/lo 
55 detected respectively by the processing sections 25a 
and 25b and set new target values of Eb/lo in accord- 
ance with the quality of the reception signals monitored 
and highway interfaces 27a and 27b to establish inter- 
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faces for BSC 30. BSC 30 includes highway interfaces 
31a and 31b to provide interfaces respectively for BTS 
20a and 20b, a mixer 33 which combines signals from 
BTS 20a with those from BTS 20b to produce and 
deliver a combined signal to an MSC 40, and an ATM 
switch 32 to conduct a changeover of connection of 
mixer 33 between interfaces 31a and 31b. 
[0060] Fig. 4 shows in a block diagram part of config- 
urations of base band signal processing section 25a 
and control section 26a. In this regard, signal process- 
ing sections 25a and 25b and control sections 26a and 
26b are of the same configurations. 
[0061] The section 25a of this embodiment includes 
as shown in Fig. 4 a receiving section 51 which receives 
upward signals converted in the digital form by radio 
section 24a and demodulates and interprets signals 
demodulated to reproduce user data, an error detecting 
section 52 to detect errors for each block of the user 
data reproduced by the section 51. a reception Eb/lo 
detecting section 53 which receives upward signals 
converted into digital form by radio section 24a to detect 
reception Eb/lo for the received upward signals, a stor- 
age section 54 to store a target Eb/lo set by control sec- 
tion 26, a reception Eb/lo comparator section 55 as a 
third comparing unit to compare reception Eb/fo 
detected by section 53 with target Eb/lo stored in stor- 
age section 54, and a control signal generator section 
56 which generatios and outputs a TPC bit pattern to 
control transmission power from mobile terminal 10 to 
BTS 20a. 

[0062] As shown in Fig. 4, control section 26a of the 
embodiment includes a reception Eb/lo comparator 
section 61 as a first comparing unit to compare recep- 
tion Eb/lo detected by section 53 with a predetermined 
value and a frame error rate (FER) measuring section 
62 which receives an error detected by section 52 and a 
result of comparison from comparator section 61 to 
measure, if reception Eb/lo detected by section 53 is 
equal to or more than the predetermined value, a frame 
error rate represented by a ratio of the number of error 
blocks to the total number of blocks of the user data hav- 
ing reception Eb/lo at a predetermined first reference 
level or more. If reception Eb/lo detected by section 53 
is less than the predetermined value, measuring section 
62 measures a frame error rate represented by a ratio of 
the number of error blocks to the total number of blocks 
of the user data having reception Eb/lo at a second ref- 
erence level or less, the second reference level being 
less than the first reference level. Control section 26a 
further includes a comparator section 63 as a second 
comparing unit to compare the FER measured by sec- 
tion 62 with a predetermined FER reference value and a 
target Eb/lo setting section 64 to set a new value to tar- 
get Eb/lo in accordance with a result of comparison by 
section 63. 

[0063] Next, description will be given of a transmission 
power control method in the CDMA mobile communica- 
tion system configured as above. 



[0064] Fig. 5 is a flowchart to explain a transmission 
power control method of the CDMA mobile communica- 
tion system of Figs. 3 and 4. 

[0065] In the description of the embodiment, it is 
5 assumed that mobile terminal 10 travels in a direction 
from BTS 20a to BTS 20b in the diversity hand off state 
shown in Rg. 3. Mobile terminal 10 is communicating 
with BTS 20a and BTS 20b in this state. 
[0066] Signals from mobile terminal 10 are received 
10 by antenna sections 21a and 21b respectively of BTS 
20a and BTS 20b. The signals are amplified by trans- 
ceiver amplifier sections 22a and 22b respectively of 
BTS 20a and BTS 20b. The amplified signals are con- 
verted by radio sections 24a and 24b into digital signals. 
is [0067] The digital signals from radio sections 24a and 
24b are fed to receiving sections 51 of sections 25a and 
25b respectively to be demodulated and interpreted into 
user data. 

[0068] Simultaneously, the digital signals are fed from 

20 radio sections 24a and 24b respectively to reception 
Eb/lo detecting sections 53 of sections 25a and 25b 
respectively. For the digital signals, reception Eb/lo is 
detected by section 53 (step S1). 
[0069] The user data is fed from section 51 to error 

25 detecting section 52 and errors are detected in each 
block of the reproduced user data (step S2). The error 
detection can be achieved as follows. When transmis- 
sion signals are sent from a transmission side, CRC 
codes derived from user data are sent together with the 

30 transmission signals. Thereafter, CRC codes obtained 
from user data reproduced as above are compared with 
the CRC codes reproduced. The principle of this tech- 
nology has been commonly known. 
[0070] Subsequently, error information detected by 

35 sections 52 is transferred to FER measuring sections 62 
of sections 26a and 26b respectively, which are ordinar- 
ily implemented by software of the base station control- 
lers. 

[0071] Reception Eb/lo detected by section 53 is 

40 transferred to Eb/lo comparator section 61 of associ- 
ated control section 26a or 26b. 
[0072] Eb/lo is compared with predetermined value by 
comparator section 61 of associated control section 26a 
or 26b (step S3) and a result of comparison is delivered 

45 to FER measuring section 62. 

[0073] If Eb/lo is equal to or more than the predeter- 
mined value as a result of comparison in step S3, sec- 
tion 62 measures the FER value with respect to a first 
predetermined reference level equal to or more than the 

so reception Eb/lo (step S4) . 

[0074] H Eb/lo is less than the predetermined value in 
step S3, section 62 measures the FER value with 
respect to a second reference level equal to or less than 
the reception Eb/lo, the second reference level being 

55 less than the first reference level (step S5). 

[0075] After execution of step S4, the FER measured 
by section 62 is compared by comparator 63 with a pre- 
determined FER reference value (step S6). If FER 
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measured is less than the reference value, the target 
Eb/lo is increased by setting section 64 (step S7) to be 
stored in storage 54 of associated section 25a or 25b. 
[0076] Thereafter, the FER measured by section 62 is 
compared by comparator 63 with a predetermined FER 
reference value (step S8). If the measured FER is equal 
to or more than the reference value, the target Eb/lo is 
decreased by setting section 64 (step S9) to be stored 
in storage 54 of associated section 25a or 25b. 
[0077] If measured FER is less than the reference 
value in step S6 or if measured FER is equal to or more 
than the reference value in step S8. step S7 or S9 is 
executed and then reception Eb/lo detected by section 
53 is compared by comparator section 55 with target 
Eb/lo stored in storage 54 (step S10). 
[0078] In accordance with a result of comparison by 
comparator 55, section 56 generatios a TPC bit pattern 
to control transmission power of mobile terminal 10 
(step S11). If reception Eb/lo from section 53 is less 
than target Eb/lo in storage 54. control is effected to 
increase the transmission power of mobile terminal 10; 
otherwise, the transmission power is lowered. 
[0079] The TPC bit pattern generatiod in step S1 1 is 
then multiplexed with downward user signals to be sent 
via associated amplifier section 22a or 22b and associ- 
ated antenna section 21a or 21b to mobile terminal 10 
(stepS12) 

[0080] The TPC bit patterns from BTS 20a and BTS 
20b respectively are then received by mobile terminal 
10. In accordance with the patterns, values of transmis- 
sion power to BTS 20a and BTS 20b are controlled in 
mobile terminal 10 (step 13). 

[0081 ] In this embodiment, quality of reception signals 
of each of BTS 29a and BTS 20b is detected by a frame 
error rate expressed by a ratio of the number of error 
blocks to the total number of blocks of user data repro- 
duced. However, the present invention is not limited to 
the embodiment but is applicable if the quality of recep- 
tion signals of the user data of BTS 29a and BTS 20b is 
observed for a fixed period of time. 
[0082] Although instantaneous reception quality in 
BTS 29a and BTS 20b is represented by Eb/lo of recep- 
tion signals, the present invention is not restricted by the 
embodiment but is applicable only if instantaneous 
reception quality is obtainable for BTS 20a and BTS 
20b. ° 

[0083] As above, in accordance with the present 
invention, if the reception quality of signals sent from a 
mobile terminal is equal to or more than a predeter- 
mined value and a frame error rate of the signals for a 
predetermined first reference level of reception quality is 
less than a predetermined value, the target reception 
quality is set to a large value. Consequently, in a mobile 
terminal in the DHO state, excessive increase in trans- 
mission power can be avoided. It is therefore possible to 
prevent signals sent from a mobile terminal far away 
from a radio base station from interfering with other ter- 
minals. The transmission capacity additionally required 



between the radio base station and the base station 
controller can be dispensed with. 
[0084] Only if the reception quality of signals sent from 
a mobile terminal is less than the predetermined value 
and the frame error rate of the signals with respect to a 
second predetermined reference level less than the first 
reference level, of reception quality is equal to or higher 
than a predetermined value, the target reception quality 
is set to a small value. In consequence, the target 
instantaneous reception quality is set to the minimum 
level required, similarly leading to the advantages 
described above. 

[0085] While preferred embodiments of the present 
invention have been described using specific terms 
such description is for illustratios purposes only, and it is 
to be understood that changes and variations may be 
made without departing from the spirit or scope of the 
following claims. 
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A code division multiple access (CDMA) mobile 
communication system including at least a plurality 
of radio base stations connected via radio channels 
to mobile terminals for communicating with the 
mobile terminals and a base station controller for 
conducting a changeover off communication 
between the mobile terminals and the radio base 
stations, each of the radio base stations having a 
function to control transmission power of the mobile 
terminals, wherein the radio base station com- 
prises: 

detecting means for detecting reception quality 
of signals received from a mobile terminal; 
first comparator means for comparing the 
reception quality detected by the detecting 
means with a predetermined value; 
measuring means for measuring a frame error 
rate of signals received from the mobile termi- 
nal with respect to a first predetermined refer- 
ence level equal to or more than the reception 
quality of the signals received, when the recep- 
tion quality detected in accordance with the 
result of comparison by the first comparator 
means is equal to or more than the predeter- 
mined value; 

second comparator means for comparing the 
frame error rate measured by the measuring 
means with a predetermined reference value; 
setting means for setting target reception qual- 
ity in accordance with the result of comparison 
by the second comparator means; 
third comparator means for comparing the 
reception quality detected by the detecting 
means with the target reception quality set by 
the setting means; and 

control signal generator means for generating 
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and outputting a control signal to control the 
transmission power of the mobile terminal in 
accordance with the result of comparison by 
the third comparator means. 

5 

2. A CDMA mobile communication system in accord- 
ance with claim 1, wherein the measuring means 
measures the frame error rate of signals received 
from the mobile terminal with respect to a second 
predetermined reference level equal to or less than w 
the reception quality of the signals received, when 
the reception quality detected in accordance with 
the result of comparison by the first comparator 
means is less than the predetermined value, 

15 

the second reference level being less than the 
first reference level. 

3. A CDMA mobile communication system in accord- 
ance with claim 1 or 2, wherein the setting means 20 
conducts a control operation to increase the target 
reception quality when the reception quality 
detected in accordance with the result of compari- 
son by the first comparator means is equal to or 
more than the predetermined value and the frame 25 
error rate measured by the measuring means in 
accordance with the result off comparison by the 
second comparator is less than the reference value. 

4. A CDMA mobile communication system in accord- 30 
ance with claim 2 or 3, wherein the setting means 
conducts a control operation to decrease the target 
reception quality when the reception quality 
detected in accordance with the result of compari- 
son by the first comparator means is less than the 35 
predetermined value and the frame error rate 
measured by the measuring means in accordance 
with the result of comparison by the second compa- 
rator is equal to or more than the reference value. 

40 

5- A CDMA mobile communication system in accord- 
ance with any of claims 1 to 4, further comprising 

storage means for storing the target reception 
quality set by the setting means, wherein 45 
the third comparator means compares the 
reception quality detected by the detecting 
means with the target reception quality stored 
in the storage means. 

so 

6. A code division multiple access (CDMA) mobile 
communication system including at least a plurality 
of radio base stations connected via radio channels 
to mobile terminals for communicating with the 
mobile terminals and a base station controller for ss 
conducting a changeover of communication 
between the mobile terminals and the radio base 
stations, each of the radio base stations having a 



function to control transmission power of the mobile 
terminals, wherein the radio base station com- 
prises: 

detecting means for detecting the ratio of the 
power of signals received from the mobile ter- 
minal to the power of an interfering wave; 
first comparator means for comparing the ratio 
detected by the detecting means with a prede- 
termined value; 

measuring means for measuring a frame error 
rate of signals received from the mobile termi- 
nal with respect to a first predetermined refer- 
ence level equal to or more than the ratio of the 
power of signals received from the mobile ter- 
minal to the power of the interfering wave, 
when the ratio detected in accordance with the 
result of comparison by the first comparator 
means is equal to or more than the predeter- 
mined value; 

second comparator means for comparing the 
frame error rate measured by the measuring 
means with a predetermined reference value; 
setting means for setting a target ratio of the 
power of signals received from the mobile ter- 
minal to the power of interfering wave in 
accordance with the result of comparison by 
the second comparator means; 
third comparator means for comparing the ratio 
detected by the detecting means with the target 
ratio set by the setting means; and 
control signal generator means for generating 
and outputting a control signal to control the 
transmission power of the mobile terminal in 
accordance with the result of comparison by 
the third comparator means. 

7. A CDMA mobile communication system in accord- 
ance with claim 6, wherein the measuring means 
measures a frame error rate of signals received 
from the mobile terminal with respect to a second 
predetermined reference level equal to or less than 
the ratio of the power of signals received, when the 
ratio detected in accordance with the result of com- 
parison by the first comparator means is less than 
the predetermined value, 

the second reference level being less than the 
first reference level. 

8. A CDMA mobile communication system in accord- 
ance with claim 7, wherein the setting means sets 
to increase the target ratio currently used of the 
power of signals received to the power of interfering 
wave, when the ratio detected in accordance with 
the result of comparison by the first comparator 
means is equal to or more than the predetermined 
value and the frame error rate measured by the 
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10. 



measuring means in accordance with the result of 
comparison by the second comparator means is 
less than the reference value. 

A CDMA mobile communication system in accord- 
ance with claim 7 or 8, wherein the setting means 
sets to decrease the target ratio currently used of 
the power of signals received to the power of inter- 
fering wave, when the ratio detected in accordance 
with the result off comparison by the first compara- 
tor means is less than the predetermined value and 
the frame error rate measured by the measuring 
means in accordance with the result of comparison 
by the second comparator means is equal to or 
more than the reference value. 

A CDMA mobile communication system in accord- 
ance with any of claims 6 to 9, wherein the control 
signal generator means generates a control signal 
to conduct a control operation to increase the trans- 
mission power of the mobile terminal when the ratio 
detected in accordance with the resuit of compari- 
son by the third comparator means is less than the 
target ratio set by the setting means and generates 
a control signal to conduct a control operation to 
decrease the transmission power of the mobile ter- 
minal when the ratio detected in accordance with 
the result of comparison by the third comparator 
means is more than the target ratio set by the set- 
ting means. 
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11. A CDMA mobile communication system in accord- 
ance with any of claims 6 to 10. further comprising 

storage means for storing the target ratio set by 
the setting means, wherein 
the third comparator means compares the ratio 
detected by the detecting means with the target 
ratio stored in the storage means. 

12. A CDMA mobile communication system in accord- 
ance with any of claims 1 to 1 1 , wherein the control 
signal outputted comprises a TPC bit pattern. 

A transmission power control method for use in a 
code division multiple access (CDMA) mobile com- 
munication system including at least a plurality of 
radio base stations connected via radio channels to 
mobile terminals for communicating with the mobile 
terminals and a base station controller for conduct- 
ing a changeover of communication between the 
mobile terminals and the radio base stations, each 
of the radio base stations having a function to con- 
trol transmission power of the mobile terminals 
comprising the steps of : 
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detecting reception quality of signals received 
from the mobile terminal; 



comparing the reception quality detected with a 
predetermined value; 

measuring a frame error rate of signals 
received from the mobile terminal with respect 
to a first predetermined reference level equal to 
or more than the reception quality of the signals 
received, when the reception quality detected 
in accordance with the result of comparison is 
equal to or more than the predetermined value; 
comparing the frame error rate measured with 
a predetermined reference value; 
setting target reception quality in accordance 
with the result of comparison; 
comparing the reception quality detected with 
the target instantaneous reception quality thus 
set; and 

generating and outputting a control signal to 
control the transmission power off the mobile 
terminal in accordance with the resuft of com- 
parison of reception quality. 

14. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with claim 13, further comprising the step of 

measuring a frame error rate of signals 
received from the mobile terminal, with respect 
to a second predetermined reference level 
equal to or less than the reception quality of the 
signals received, when the reception quality 
detected is less than the predetermined value 
the second reference level being less than the 
first reference level. 

15. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with claim 13 or 14, further comprising the 
step of 

conducting a control operation to increase the 
target reception quality when the reception 
quality detected is equal to or more than the 
predetermined value and the frame error rate 
measured is less than the reference value. 

16. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with any of claims 13 to 15, further comprising 
the step of 

conducting a control operation to decrease the 
target reception quality when the reception 
quality detected is less than the predetermined 
value and the frame error rate measured is 
equal to or more than the reference value. 

17. A transmission power control method for use in a 
code drvision multiple access (CDMA) mobile com- 
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munication system including at least a plurality of 
radio base stations connected via radio channels to 
mobile terminals for communicating with the mobile 
terminals and a base station controller for conduct- 
ing a changeover of communication between the 5 
mobile terminals and the radio base stations, each 
of the radio base stations having a function to con- 
trol transmission power of the mobile terminals, 
comprising the steps of: 

10 

detecting the ratio of the power of signals 
received from the mobile terminal to the power 
of an interfering wave; 

comparing the ratio detected with a predeter- 
mined value; 15 
measuring a frame error rate of signals 
received from the mobile terminal with respect 
at least one first predetermined reference level 
equal to or more than the ratio of the power of 
signals received from the mobile terminal to the 20 
power of the interfering wave, when the ratio 
detected in accordance with the result of com- 
parison is equal to or more than the predeter- 
mined value; 

comparing the frame error rate measured with 25 
a predetermined reference value; 
setting a target ratio of the power of signals 
received to the power of the interfering wave in 
accordance with the result of comparison; 
comparing the ratio detected with the target 30 
ratio thus set; and 

generating and outputting a control signal to 
control the transmission power of the mobile 
terminal in accordance with the result of com- 
parison. 35 

1 8. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with claim 1 7, further comprising the step of 

40 

measuring a frame error rate of signals 
received from the mobile terminal with respect 
to a second predetermined reference level 
equal to or less than the reception quality of the 
signals received, when the ratio detected is 45 
less than the predetermined value, 
the second reference level being less than the 
first reference level. 



mined value and the frame error rate measured 
is less than the reference value. 

20. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with any of claims 1 7 to 1 9, further comprising 
the step of 

setting to decrease the target ratio currently 
used of the power of signals received to the 
power of the interfering wave, when the ratio 
detected is less than the predetermined value 
and the frame error rate measured is equal to 
or more than the reference value. 

21. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with any of claims 1 7 to 20, further comprising 
the step of 

generating a control signal to conduct a control 
operation to increase the transmission power 
of the mobile terminal when the ratio detected 
is less than the target ratio thus set and gener- 
ating a control signal to conduct a control oper- 
ation to decrease the transmission power of the 
mobile terminal when the ratio detected is 
more than the target ratio thus set. 

22. A transmission power control method for use in a 
CDMA mobile communication system in accord- 
ance with any of claims 1 3 to 21 , further comprising 
the step of 

outputting the control signal comprising a TPC 
bit pattern. 



40 



1 9. A transmission power control method for use in a so 
CDMA mobile communication system in accord- 
ance with claim 17 or 18, further comprising the 
step of 

setting to increase the target ratio currently ss 
used of the power of signals received to the 
power of the interfering wave, when the ratio 
detected is equal to or more than the predeter- 
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Fig. 3 
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Fig. 4 
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Fig. 5 



C START ") 



.si 



Detect reception 
Eb/io 



Check error 



S2 




Measure FER with respect 
to 1st reference level 
or more 



S4 




S5 




Measure PER with respect 
to 2nd reference level 
or more 




Set value to increase 
target Eb/Io 



Set value to decrease 
target Eb/Io 



Compare reception Eb/Io with target Eb/lc 



S10 



Generate TPC bits 



Transmit TPC bits 



Control transmission 
power 

^ END ^ 



„S11 

,S12 
. S13 



16 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: . 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



ft"S RAGE BLANK (usptoj 



